Aim-This study examined how community alcohol outlet density may be associated with drinking among youths.
INTRODUCTION
Restricting youth access to alcohol is a widely advocated strategy to reduce underage drinking and related problems [1, 2] . The underlying rationale of this approach is that reducing access increases personal or economic costs for youths to obtain alcohol [3, 4] . Implementing and enforcing policies restricting youth alcohol access may also reinforce community norms against underage drinking and against providing alcohol to minors [1] . Many community-based intervention activities focus on reducing youth access to alcohol through responsible beverage service training and enforcement of underage sales laws. Such activities have reduced alcohol sales to youths [5] [6] [7] . Another commonly advocated community approach is to restrict the number or density of alcohol outlets. It is unclear, however, whether the number of outlets in a neighborhood matters for youth drinking. This paper addresses this question.
An association between geographic alcohol availability and alcohol consumption has been documented in the literature. For example, analyzing aggregate data collected from 144 zip codes in California and South Carolina, Gruenewald et al. [8] reported a marginal positive association between alcohol availability (indicated by outlet counts per kilometer of roadway) and adult alcohol consumption. This association was, however, no longer significant when zip code income and socio-demographics were taken into account. In addition, using a multilevel analytic approach and data collected from 2607 residents of New Orleans, Scribner et al. [9] reported that individual alcohol use and drinking norms were not related to individual's exposure to alcohol outlets (i.e., distance to the closest outlet from respondent's residence), but to the aggregated mean exposure to alcohol outlets at the census tract level. That is, residents residing in the census tracts with shorter mean distance to closest alcohol outlet, on average, had more positive drinking norms and consumed greater quantity of alcohol. Positive associations between alcohol availability and drinking practices are also reported in studies focusing on young people. Based on aggregate data collected from eight US college campuses, Weitzman et al. [10] reported positive correlations between alcohol outlet counts within 2-mile radius of college campuses and heavy drinking, frequent drinking, and drinking-related problems among students. Integrating contextual variables into analytic models that consisted of individual-level outcomes and covariates, Truong and Strum [11] found that for youths aged 12-17 in California, likelihoods of binge drinking and driving after drinking were significantly and positively related to counts of alcohol retailers within 0.5-mile radius of home. Consistently, a multilevel analysis of data collected from youths aged 12-17 in Auckland, New Zealand reported that alcohol outlet density (defined by alcohol outlet count within 10-minute drive from the central point of each census block) was positively related to typical-occasion quantity of drinking [12] . The associations of alcohol outlet density with frequency of drinking and drunkenness were not significant. Authors of this study also noted that alcohol outlet density and measure of neighborhood deprivation were highly correlated and replacing alcohol outlet density with neighborhood deprivation in the analyses yielded similar results. Although the size of geographic area, definition of alcohol availability or alcohol outlet density, covariates, and analytic approaches differ among these studies, positive associations of alcohol outlets with alcohol consumption have generally been found, suggesting neighborhood alcohol outlet density may influence youth alcohol use.
Adding to this literature, the present study used a multilevel analytic approach to examine how community alcohol outlet density may be related to drinking practices among youth using longitudinal data collected from a panel of adolescents (aged 14-16 at baseline) recruited from 50 zip codes in California with varying levels of alcohol outlet density and median household income. Three specific hypotheses were examined:
1. greater zip code alcohol outlet densities are associated with higher levels of drinking among youths at the beginning of the study;
2. greater zip code alcohol outlet densities are associated with higher levels of excessive alcohol use among youths at the beginning of the study; and 3. growth of drinking and excessive drinking is more rapid among youths residing in areas with greater alcohol outlet densities.
METHODS

Procedure
Data were collected through three computer-assisted telephone interviews (CATI) in English or Spanish conducted at approximately 1-year intervals from November 2003 through March 2006. The sampling plan included all Californian zip codes that had at least 200 youths of ages [14] [15] [16] (N = 1076) according to the 2000 Census [13] . Off-premise license data for the year 2000 were acquired from the California Department of Alcoholic Beverage Control. Alcohol outlet density was calculated as the count of active off-premise outlets per roadway mile within each zip code. We focused on off-premise outlets because few youths of this age group drink at bars, pubs, or restaurants [14, 15] . Zip codes were stratified into "low," "medium" and "high" outlet density groups, and "low," "medium" and "high" income groups using the median household income data from the 2000 Census [16] . This resulted in a 3×3 matrix, representing areas that varied orthogonally across alcohol outlet density and household income. The central and diagonal cells (i.e., high density-high income, high density-low income, medium densitymedium income, low density-high income, and low density-low income) were then selected. Ten zip codes were randomly selected from each cell and each selected zip code was separated by at least two unselected zip codes. About 300 interviews in each zip code group (~30 interviews per zip code) were completed.
Listed household telephone numbers within the selected zip codes were sampled from a commercially purchased list. When a residential household was contacted, a brief screening was conducted to determine eligibility (e.g., presence of a youth aged [14] [15] [16] . When more than one qualified youth existed in a household, one was randomly selected. If this youth refused, the next eligible one was invited to participate. About 85% of the purchased telephone numbers were usable; of which 66% were ineligible (e.g., no eligible youth, language barrier, quota met) and 23% eligibility unknown. The cooperation rate among contacted households was 56%. Of the eligible households, 43% completed the interview (N = 1541). At Waves 2 and 3, 1300 (84%) and 1123 (73% of the baseline), respectively, completed the follow-up interviews.
Individual-level variables
Outcome variables-At each wave of survey, respondents who reported drinking in the past 12 months were asked about frequency of drinking (i.e., number of days they had at least a whole drink of alcohol) and frequency of excessive drinking (i.e., number of days they got drunk).
Time-varying covariates
Peer drinking: At each wave, respondents named up to five friends that they met regularly.
For each friend, we asked about frequency of meeting with this person in a typical month, on a 7-point scale (0-6: not at all -everyday), and frequency of drinking by this person in the past 12 months (0-9: not at all -every day). Frequency of drinking by each friend was multiplied by frequency of meeting with this person and then a mean score was taken over multiple friends.
Personal income: Personal income was indicated by the amount of money that respondents received or earned in a typical week (0-7: $0 -more than $125), excluding money given to them for necessities (e.g., bus fare, lunch money).
Mobility: Mobility was measured by asking the respondents to indicate if they had a car and if any of their three closest friends had a car. These items were coded as two dummy variables representing having a car or access to friends with a car.
Time-invariant correlates
Parent drinking: Respondents were asked number of days in the past 12 months they thought that each of their parents (or guardians) had at least one whole drink of alcohol (0-9: not at all -every day). A mean score was taken over two parents. For those having only one parent, parent drinking was indicated by that parent's drinking. Those who reported no parents/ guardians were given a score of 0. Preliminary analyses indicated that perception of parent drinking was relatively stable over time (r = .71 -.78). We thus treated parent drinking as a time-invariant factor and calculated a mean over three annual surveys for each respondent.
Background variables: Gender, age, and race/ethnicity were included in the analyses as stable personal factors that may affect youth alcohol use. Gender was indicated by a dummy variable (male =1). We created two dummy variables to represent Latino ethnicity and non-white races (non-Hispanic white was the reference group).
Community-level variables
Community alcohol outlet density was indicated by off-premise outlet counts per 1000 roadway miles at zip code level. Community income was indicated by zip code median household income. For data analysis purpose, income was rescaled by rounding to thousands of dollars. Consistent with our previous experience showing that increases or decreases of alcohol outlets within zip codes are minimal in a short period of time [8] , very little change in zip code offpremise outlet density was observed from year 2000 through 2006. In addition, although 34 respondents during Waves 1-2 and 95 during Waves 2-3 moved to different zip codes within California, preliminary analyses indicated that they tended to move to areas with similar alcohol outlet densities except for three zip codes representing college campuses. Thus, environmental changes over time or due to within-state migration were negligible.
Studies of alcohol outlet densities and related problems have been pursued at city, zip code, census tract, block group and block levels. The findings are generally consistent across these units. The problems considered have mostly been those that occur among mobile adult populations (e.g., violence, alcohol related crashes). Due to restricted access to transportation, problems among underage youth may have a different geographic scale (smaller). The zip codes used in the current study had median areas of 17.3 square miles with a diameter of 4.2 miles. These areas seemed large with respect to the likely mobility of most 14-16 year olds. Alcohol outlet density within a shorter distance of respondents' homes may be a more reasonable measure. We geo-coded respondent's home address and obtained the off-premise outlet count within a 2-mile radius of the respondent's residence. Correlation between this 2-mile measure and the zip code measure was high (r = .85). We further replaced the zip code alcohol outlet density with this 2-mile measure in two-level analyses and obtained the same results as those presented in this paper. Thus, to this current study, the off-premise outlet count per 1,000 roadway miles at the zip code level appears to be an adequate and efficient indicator of the physical availability of alcohol in youth's living environment.
Data analysis
Cases were excluded from the analyses if they dropped out of study (N = 418) or moved out of California (N = 32). The study sample thus consisted of 1091 cases: 53% male; 33% Latino, 51% non-Hispanic white, 16% other (including 5% Asian, 5% Black, and 6% other races). Mean age at baseline was 14.9 years (SD = .81 The main data analyses used a 3-level linear growth model implemented with HLM 6 [17] . The data were three annual repeated observations for 1091 individuals who were nested within 50 zip codes. Frequency rates of drinking and excessive drinking were treated as count data with an over-dispersed Poisson distribution. Results from the unconditional models (i.e., no predictors were introduced) were first obtained for an overview of the initial levels and growth rates of the outcome variables. Data analyses for further conditional models were conducted in two steps.
Step 1 (Model A) examined the associations between zip code variables and outcome measures without controlling for any individual-level factors and Step 2 (Model B) examined the same associations taking into account individual-level factors. Equation 1 is the simplified model at level 1.
[1]
where Y ti , the observed outcome measure at time t for person i; π 0i is a person-specific intercept; π 1i , is a person-specific linear growth rate over the study period (where time variable T t takes the values 0, 1, or 2); π 2i is the effect of time-varying covariate A ti , and e ti is an error term. In the present case, time-varying covariates included perceived peer drinking, personal income, respondent having a car and friends having a car. Change in a time-varying covariate is assumed to be associated with change in an outcome measure. To appropriately estimate the level-1 association of the outcome variable with a time-varying covariate, each time-varying covariate was centered around the individual mean and the individual mean was then added in the level-2 model as a predictor for the intercept.
Equations 2 and 3 are the simplified models at level 2.
[2]
[3]
Level-2 models assessed the between-person variations in intercepts and growth rates. β 00 is the mean intercept and β 10 is the mean growth rate estimated at level 2. β 01 (or β 11 ) is the fixed effect of an individual-level explanatory variable, X i (i.e.., age, gender, perceived parent drinking). β 02 is the fixed effect of the mean score of a time-varying covariate, A¯i . r 0i and r 1i are the random effects (i.e., error terms) at level 2. Level-3 models examined the betweenzip code variations in intercepts and growth rates estimated at level-2 (Equations 4 and 5). Explanatory variables at zip code level (Z i ) included alcohol outlet density and median household income. u 0i and u 1i are the random effects at level 3.
[4]
[5]
Lastly, as it is commonly indicated in the literature that alcohol outlets tend to concentrate in neighborhoods with low income and/or large minority populations [8, 9, 11] , additional analyses were conducted to examine the possible confounding between race/ethnicity and zip code alcohol outlet density and income.
Some cases (N = 103, 9%) had missing data on the variables of interest, but a great majority had missing data on only one variable and the rest had missing data on, at most, four variables. Missing data were replaced using the expectation-maximization imputation procedure implemented in SPSS 15.0 [18] .
RESULTS
Prevalence rates of past-12-month drinking were 31%, 45%, and 55% at Waves 1, 2, and 3, respectively. In addition, 19%, 27%, and 36% at Waves 1, 2, and 3, respectively, reported ever being drunk during the same time period. Table 1 presents the results from the unconditional models. The mean growth rate of frequency of drinking was significantly different from zero, whereas the mean initial level was not. Nevertheless, there was a large between-person variation in the mean initial level of frequency of drinking. The mean initial level and mean growth rate of frequency of excessive drinking were both significantly different from zero.
Frequency of drinking
As it is shown in Table 2 , alcohol outlet density was not significantly related to either initial level or growth of frequency of drinking in Model A. After controlling for individual factors and zip code median household income (Model B), however, the initial level of frequency of drinking was significantly and positively related to alcohol outlet density, and growth of frequency of drinking was significantly and negatively related to alcohol outlet density.
Results from the within-person model indicated that respondents' frequency of drinking increased as perceived peer drinking increased. Results from the between-person models indicated that individual differences in the initial level of frequency of drinking were positively related to age, perceived parent drinking, perceived peer drinking, personal income, and having friends with a car. Growth rates of frequency of drinking were greater among males.
Note that the associations between alcohol outlet density and the initial level or growth in frequency of drinking were not significant in Model A. These associations became significant when perceived parent drinking, perceived peer drinking, personal income, and having friends with a car were added to the model. Further investigation indicated that "friends had a car" was the key variable in this regard. "Friends had a car" was negatively related to alcohol outlet density (r = −.16, p <.001). Because having friends with a car suggests increased mobility and access to drinking opportunities, we further examined how respondent's drinking was related to another mobility variable, respondent having a car him/herself. The zero-order correlations showed that alcohol outlet density was also negatively related to respondent's having a car (r = −.23) and respondent's having a car and having friends with a car were correlated by.34. The associations of frequency of drinking with respondent's having a car increased over time, whereas those with having friends with a car decreased over time. On average, the association of drinking with having friends with a car was greater than that with having a car oneself (.19 vs..11). This pattern suggests that having friends with a car may play an especially significant role in underage drinking during early teen ages when youths have relatively limited mobility.
Frequency of excessive drinking
Results from Model A for excessive drinking showed that initial level of frequency of excessive drinking was not significantly related to alcohol outlet density, but growth of frequency of excessive drinking was negatively related to alcohol outlet density. When individual-level factors were considered (Model B), initial level of frequency of excessive drinking was positively related to alcohol outlet density and growth of frequency of drinking was negatively related to alcohol outlet density.
Results from the within-person model indicated that frequency of excessive drinking increased as perceived peer drinking increased. Results from the between-person models indicated that individual differences in the initial level of frequency of excessive drinking were positively related to age, perceived parent drinking, perceived peer drinking, personal income, and having friends with a car; growth rates were greater among males.
Further investigation indicated that when either having friends with a car, or perceived peer drinking, or personal income was added to the model the association between alcohol outlet density and initial level of frequency of excessive drinking became significant. As alcohol outlet density was not significantly related to either perceived peer drinking or personal income, having friends with a car was, again, was the key factor that led to the significant association between alcohol outlet density and excessive drinking.
Examining the effects of race/ethnicity
The mean (SD) of zip code alcohol outlet density for each racial/ethnic subgroups was 195.74 (254.64) per 1000 roadway miles for non-Hispanic white, 302.46 (240.92) for Latino, and 250.87 (220.57) for other races. Variables for race/ethnicity were added to each Model B as predictors of between-person differences in the initial level of outcome variable. As shown in Table 3 , being "other" (i.e., neither non-Hispanic white nor Latino) was not significant in either model. In contrast, Latino ethnicity was associated with greater initial level of frequency of drinking. With "Latino" in the model, the association between frequency of drinking and alcohol outlet density became non-significant, as did the association between frequency of drinking and median household income. Given that Latino youths tended to reside in zip codes with greater alcohol outlet densities than did non-Latino youths, it is likely that the significant associations between zip code variables and frequency of drinking reflected the high drinking rates in Latino youths as well as the characteristics of the zip codes where Latinos tended to live. Latinos, however, engaged in excessive drinking no more frequently than non-Latino youths did.
DISCUSSION
This study examined how community alcohol outlet density may be associated with general alcohol use and excessive drinking among youths. Results from the multilevel analyses showed that only controlling for zip code median household income, zip code alcohol outlet density was not significantly related to the outcome variables. When individual-level factors were controlled, zip code alcohol outlet density was significantly and positively related to initial levels of frequency of drinking and frequency of excessive drinking. These findings supported our Hypotheses 1 and 2, indicating that at the beginning of the study and when all other factors were held equal, greater levels of drinking and excessive drinking were observed among youths residing in zip codes with higher alcohol outlet densities. The associations between alcohol outlet density and growth rates of drinking measures were all in the negative direction (some associations were significant), indicating that growth in drinking and excessive drinking was on average more rapid in zip codes with lower alcohol outlet densities. Our Hypothesis 3 thus was not supported by the data. The negative association between alcohol outlet density and growth in the outcome measures may have occurred because alcohol outlet density affected age of initiation. That is, youths in higher density areas in our study had higher initial levels of drinking, thus had slower growth over time. Future studies should examine how alcohol outlet density at the neighborhood level may be related to the initiation of drinking and drinking trajectories among younger adolescents and children.
The constraint of neighborhood alcohol availability on youth drinking in low alcohol outlet density areas appeared to be mitigated by having friends with a car. Presumably, having friends with a car increases mobility and thus the ability to seek alcohol beyond one's immediate neighborhood. High mobility and the ability to seek alcohol beyond the local community may mitigate the success of neighborhood efforts to reduce underage drinking through restrictions on physical availability. That is, neighborhood alcohol outlet density may matter more for underage drinking when a youth's mobility is constrained or when alcohol can be obtained easily through social networks. This pattern is consistent with studies showing that social sources (e.g., peers, parents, or even strangers) are the primary suppliers of alcohol for youth [14, 15, 19, 20] .
The associations among zip code variables, race/ethnicity, and drinking practices were examined. Both Latino and African American youths in this study were over-represented in zip codes with lower household incomes and higher alcohol outlet densities. The sample size of African Americans was too small to be analyzed, but findings for Latinos are noteworthy. Latino youths drank alcohol more frequently. They also tended to live in zip codes with higher alcohol outlet densities and lower median household income. The effect of Latino ethnicity may confound with the effects of zip code alcohol outlet density and median household income. Our findings may simply reflect Latinos' drinking and Latinos' concentration in zip codes with high alcohol outlet density and low household income. Further investigation of this issue is warranted.
Findings from this study should be considered in light of several limitations. The first limitation relates to telephone survey's low response rate, which may lead to bias. Although our survey response rate is somewhat low, it approximates the response rate of national surveys such as the Behavioral Risk Factor Surveillance Survey [21] . Secondly, using listed telephone numbers excludes unlisted numbers. Telephone survey methods, more generally, exclude households without telephone service. We were unable to address biases associated with non-responders, i.e., households which might have met our criteria but were never reached. Thirdly, the study sample may not be representative of youths in California, as it under-represented African and Asian Americans. Rates of drinking among participants of this study were, however, comparable with the National Survey on Drug Use and Health (NSDUH) data. At baseline, 10%, 20% and 28% of our 14-to-16 year olds reported past-30-day drinking compared to 13%, 21%, and 29% in the 2003 NSDUH [22] . Two years later, 24%, 40% and 49% of our 16-to-18 year olds reported such behavior compared to 27%, 32% and 46% in the 2006 NSDUH [23] . Moreover, we used a geostatistically-based sampling design to recruit adolescent participants from areas with varying levels of alcohol outlet density and household income, which provides a large variation in the neighborhood variables of interest. Furthermore, using longitudinal data, our study provides insights into how community characteristics and individual factors together shape drinking practices among youths. Table 2 The estimated fixed effects from the conditional models The estimated fixed effects from the models examining the effects of race/ethnicity Addiction. Author manuscript; available in PMC 2011 February 1.
